Parameter extraction of a solar photovoltaic system is a nonlinear problem. Many optimization algorithms are implemented for this purpose, which failed in giving better results at low irradiance levels. This article presents a novel method for parameter extraction using gravitational search algorithm. The proposed method evaluates the parameters of different PV panels at various irradiance levels. A critical evaluation and comparison of gravitational search algorithm with other optimization techniques such as genetic algorithm are given. Extensive simulation analyses are carried out on the proposed method and show that GSA is much suitable for parameter extraction problem.
Introduction
Precise parameters extraction of solar photovoltaic cells is normally a vital part of a solar photovoltaic (PV) system, which can be interfaced with maximum power point tracker (MPPT) calculations and power electronic converters. This undertaking is vital for the device modelling, characterization, and simulation and for the device quality testing. Maximum power point tracker, ordinarily alluded to as MPPT, is an electronic framework that works the PV modules in a way that permits the modules to deliver all the force they are able to do [1] . MPPT is not a mechanical following framework that "physically moves" the modules to make them point all the more straightforwardly at the sun. MPPT is a completely electronic framework which highlights a brilliant attaching calculation that changes the electrical working purpose of the modules so that the modules can convey most extreme accessible force. Extra power collected from the modules is then made accessible as expanded battery charge current. MPPT calculations are essential in PV applications in light of the fact that the maximum power point (MPP) of a sun oriented board changes with the illumination and temperature, so the utilization of MPPT calculations [2] is required keeping in mind the end goal to acquire the most extreme force from a sun based exhibit. The present scope technique utilizes a range waveform for the PV cluster current such that the I-V normal for the PV exhibit is gotten and upgraded at settled time interims. The most extreme force point voltage can then be processed from the trademark bend at the same interims.
The above addressed problem can be solved efficiently by many prominent techniques. But each prominent technique [3, 4] has its own advantages and limitations. Some of the common drawbacks are neglecting the effects of high level injection and the assumption that the diode was operating in low-level injection while deriving the Shockley equation. These drawbacks can be overcome using the proposed GSA method. In this aspect GSA is found to be superior to other techniques. In parameter extraction, the parameters of the solar panel other than the data given in the manufacturer's data sheet are optimized using an optimization technique. It is done such that the power delivered from the solar panel is maximum even though the solar irradiation and temperature change. These values are then fed into a SIMULINK model which gives the VI characteristics of the panel. Output of the SIMULINK model is then compared with the data sheet characteristics. The error has to be less.
Gravitational Search Algorithm
In the recent past, different heuristic advancement techniques have been created. Huge numbers of these strategies are propelled by swarm practices in nature. In this paper, another advancement calculation in light of the law of gravity and mass connections is presented [5] . There are a few points of interest of GSA that demonstrate its centrality contrasted and other nature enlivened systems. To start with, it requires just two parameters to modify, that is, mass and velocity of particles, and second is has capacity to discover close global optimum solution. The capacity to discover close global optimum solution makes the GSA vary from other nature inspired algorithms. In the proposed calculation, the searcher specialists are an accumulation of masses which connect with each other in light of the Newtonian gravity and the laws of movement. The proposed technique has been contrasted and some understood heuristic pursuit strategies [6] . The acquired results affirm the superiority of the proposed technique in illuminating different nonlinear capacities. Figure 1 shows the flowchart of gravitational search algorithm.
Algorithm for GSA
Step 1 (initialization). Step 2. Read the parameters of the PV panel under consideration.
Step 3 (search space identification). Agents that go out of the search space are returned to the boundaries.
Step 4 (evaluation of the population). The objective function is calculated for each iteration.
Step 5 (mass calculation). Mass of each agent is calculated.
Loop: = 1 : .
Step 6 (force update). Force is updated for each mass.
Loop: = 1 :
Step 7. Update acceleration and velocity.
Step 8. Update agent's position.
Step 9. Repeat Step 4 until the stop criterion is reached.
Step 10. Print the result.
Modelling of Photovoltaic Panel
The single diode condition accepts a steady esteem for the ideality factor . In all actuality the ideality factor is a function of voltage over the device. At high voltage, when the recombination in the device is overwhelmed by the surfaces and the huge regions the ideality factor is near one. However, at lower voltages, recombination in the intersection is overwhelmed and the ideality factor approaches two. The intersection recombination is displayed by including a second diode in parallel with the first and setting the ideality consideration regularly to two. The equivalent circuit for double diode model is shown in Figure 2 . In this double diode model, the cell terminal current is calculated as follows:
where is terminal current, ph is cell-generated photocurrent, 1 , 2 are first and second diode currents, and sh is shunt resistor current.
The diode current equations and leakage current equation are given by
where and sh are the series and shunt resistances, respectively; is the terminal voltage; 1 , 2 are the diffusion and recombination diode ideality factors; is Boltzmann's constant; is the electronic charge; and is the cell absolute temperature in Kelvin.
Thus the expression for cell terminal current is formulated as
The seven parameters to be estimated that fully describe the 
The new objective function that sums the individual absolute errors (IAEs) for any given set of measurements is defined as
where is the number of data points and and are th measured current and voltage pair values, respectively.
Objective Function. At maximum power point, the derivative of the power with respect to voltage is equal to zero. That is,
The power equation is written as = . Applying condition for MPP the above equation changes to
In order to obtain the maximum power the term / has to be made zero.
So, RHS is equated to zero.
The objective function to be minimized is 
Results and Discussions
Parameter extraction is performed for the 3 above mentioned solar panels. The optimal values of the parameters for respective panels are found out such that the variation of power with respect to voltage is minimum so that the overall power output is maximum. The convergence curves for shells S36 at standard temperature condition of 1000 W/m 2 irradiation and temperature of 25 ∘ C are shown in Figure 3 . Comparison of the optimized series resistance, shunt resistance, and ideality factor values of Shell S36 under different irradiance conditions is shown in Figures 4, 5 , and 6, respectively.
The simulated characteristics curves of the SIMULINK model for Shell S36 at different irradiations are shown in Figure 7 . 
Comparison of GA and GSA for Different Irradiations.
Optimization results of the algorithms GA and GSA at different irradiation levels for Shell S36, Shell ST40, and Shell SP70 are compared and tabulated in Tables 1, 2 , and 3, respectively. Absolute error = experimental − computed .
The computed absolute error graph for Shell S36 is presented in Figure 8 . To maintain higher level of accuracy and clarity, the results are compared at the same points.
Conclusion
In this work, the parameters of the PV module are determined using the proposed GSA. The simulated voltage-current characteristics for three different panels (Shell S36, Shell SP70, and Shell ST40), obtained from the simulation model, are validated with the extracted experimental data. Further, the absolute error curve is plotted for GSA in comparison with GA at different irradiance level (200 to 1000 W/m 2 ) at 25 ∘ C. It is observed that the error obtained in case of GSA is lesser. The extensive simulation results show that the proposed GSA method is superior to the existing GA in terms of speed of convergence, accuracy, computational efficiency, and consistency of solution.
